The main goal of the article is to compare three approaches to measuring environmental sustainability in agriculture: (1) environmental burden index, (2) sustainable value of eco-efficient production and (3) sustainable value of eco-effective farm, applied by the authors to the sample of 125 EUFADN regions in 2015. The study indicate a fundamental problem: the notion of environmental sustainability in agriculture differs depending on the criterion we apply. The authors recognized a principle trade-off in CAP which consist of compensating strain on the natural environment with production or with public goods provision. The choice between these two effects is crucial to draw a consistent development path for the Common Agricultural Policy.
INTRODUCTION
Discussions on the sustainable development of agriculture, the methods and measurement indicators, evaluation and indicative values, etc. are nothing new (Kates et al., 2005; Zegar, 2012) . In the literature, the issue is most often analysed in its economic, social and environmental aspects. While the first two are not difficult to measure and evaluate (mostly from the perspective of income, employment, education), some dilemmas arise in the context of environmental sustainability. One of the major dilemmas, if not the most important, is whether (1) to decrease the overall environmental burden of agriculture no matter production effects, (2) to generate the highest production in relation to the polluting means used (e.g. fertilisers, plant protection products) and gases emitted (e.g. greenhouse gases) during production (eco-efficiency), or (3) to adopt a consensus consisting in the fact that the products used in agricultural production are Proceedings of the 2018 International Scientifi c Conference 'Economic Sciences for Agribusiness and Rural Economy' No 1, Warsaw, 7-8 June 2018, pp. 40-47 unfavourable for the natural environment, so simultaneously shall be compensated through agri-environmental activities, which create environmental public goods (eco-effectiveness). Unfortunately, there is no universally accepted research methodology however, the eco-efficiency approach (2) is dominant in the literature. The aim of the article is to compare three approaches to measuring environmental sustainability: (1) environmental burden index for agriculture, (2) sustainable value of eco-efficient production and (3) sustainable value of eco-effective farm, applied to the sample of EUFADN regions in 2015.
THEORETICAL BACKGROUND

Synthetic measure of environmental burden in agriculture
The construction of a synthetic measure of environmental burden in agriculture is a problematic issue. Reytar, Hanson and Henninger (2014) point out 25 various indicators related to environmental sustainability. Variables referring to water consumption, agricultural subsidies, climate change, agricultural production, ecosystem biodiversity, and land use were deemed to be of key significance.
According to the OECD (2001), in turn, environmental indicators for agriculture should include water and soil quality, biodiversity, greenhouse gas emissions, land conservation, wildlife habitats, and landscape. Zhen and Routray (2003) specify the measurement of farm sustainability in the environmental aspect, bringing it down to two areas: water management and arable farming structure. The authors cited here proposed the following measures: amount of fertilisers/pesticides used per unit of agricultural land, amount of irrigation water used per unit of agricultural land, soil nutrient content, depth of groundwater table, quality of groundwater for irrigation, water use efficiency, nitrate content of groundwater and crops. Other approaches point to the issues of pesticide, herbicide, and fungicide use in agricultural production, the use of organic fertilisers, the use of synthetic fertilisers and plant protection products or crop rotation (Saltiel, Baunder and Palakovich, 1994; Hayati and Karami, 1996; JEPE, 2018) . Studies on Dutch or Danish agriculture, reveal that high stock density (particularly in the case of poultry, cattle, and pigs) per ha of agricultural land (AL) does not create favourable conditions for environmental sustainability due to relatively high emissions of nitrogen or phosphorus compounds or carbon oxides (European Commission, 2000) .
A concept of eco-efficient production
The term 'eco-efficiency' appeared in the 1990s as a practical tool to measure sustainability. It was introduced by the World Business Council for Sustainable Development in 2000 to identify a management philosophy aimed at encouraging businesses to search for environmental improvements that yield parallel economic benefits. In other words, companies are asked to be more environmentally responsible and more profitable. The OECD (1998) refers to ecoefficiency as the efficiency with which ecological resources are used to meet human needs, which can be measured as the ratio of an output divided by an input, where the output is expressed by the value of products and services produced by a firm, sector or economy as a whole, while the input is the sum of environmental pressures generated by the firm, the sector or the economy. Therefore, an output increase, for a given level of inputs, or an input decrease, for a given level of outputs, leads to an improvement of eco-efficiency. However, does a change in eco-efficiency reflect a corresponding change in terms of overall sustainability, since what this ratio measures is only the relative level of environmental pressure in relation to the volume of economic activity? (Bonfiglio, Arzeni and Bodini, 2017) In the authors' opinion sustainability is more related to absolute levels of environmental pressure (Czyżewski, Matuszczak and Muntean, 2018) .
Eco-effective versus eco-efficient
As aforementioned, the eco-efficiency approach may be somewhat contradictory to the idea of environmental sustainability, which should take into consideration the actual environmental effect in farms. In addition, the common agricultural policy is evolving and, next to its original assumptions related to the assurance of quantitative and qualitative food safety, support for agricultural incomes etc., sets goals related to the respect for the environment or the creation of public goods, in particular environmental. Therefore, it is interesting to what degree the support for agriculture, from various CAP programmes, national and regional policies, affects the increase in eco-efficiency of farms and to what extent is affects their eco-effectiveness. At this point a certain conflict between eco-effectiveness and ecoefficiency might be expected, as the programmes supporting agriculture surely include such that have a strong impact on eco-efficiency issues, but also such wherein eco-effectiveness will be dominant. This conflict impedes the sustainable development of agriculture. The results of this research, then, will contribute to the discussion regarding the future of the EU's common agricultural policy after 2020, but also the national and regional agricultural and environmental policies in the context of its evolution. The crucial questions is what should be the output measure in the input-output (I-O) approaches used to assess the environmental sustainability? It is also not certain to what extent the hitherto funding of agriculture facilitates the implementation of goals regarding its sustainable development, and to what extent it consolidates the industrial model of production, where issues of efficiency will be of key importance.
MATERIALS AND METHODS
Synthetic measure of environmental burden in agriculture
Taking into account above-mentioned remarks, the following variables from the EU FADN database may be used and actually were applied in our study for the construction of a synthetic measure (EUFADN codes in brackets): − stock density per 1 ha (SE120); − fertiliser use intensity in crop production (SE295/ /SE136); − plant protection product use (SE300/SE136); − total production energy intensity (SE345/SE131); − woodland area per 1 ha of AL (SE075/SE025).
The above set of variables fits in with the discussion on the environmental sustainability of agriculture relatively well represented in the literature (Latruffe et al., 2016) . The indicators were converted into stimulants. Synthetic measures of the environmental sustainability for an average farm in a region is in this study determined by Hellwig's method (Poczta--Wajda and Poczta, 2016), but a choice of possible methods is very wide here. We also recommend TOPSIS-CRITIC method (Czyżewski and Kryszak, 2017 ). Hellwig's method consist of the following procedure: the distance from the pattern was determined for each object P i (region), cf. formula (1):
where: D i0 -the distance of the i-th object from P 0; x ij -are the empirical values in the I th region.
Sustainable value of eco-efficient production Estimating sustainable value with frontier benchmarking (ESV, authors' original methodology) was carried out assuming a trade-off of productivity versus environment. Environmental Sustainable Value (ESV) is a value-oriented method, developed as a means of measuring agricultural eco-efficiency at microeconomic level (e.g agricultural farm). This enables a synthetic assessment of a farm's contribution to farming sustainability, taking into account the efficiency resulting from using economic, social and environmental resources in comparison to the opportunity cost Van Passel et al., 2007; Illge Hahn and Figge, 2008; Burja and Burja, 2016) . In the authors opinion ESV has many advantages comparing to the standard DEA approach, since it also measures the monetary value of 'contribution to the sustainability' that should be borne to achieve it or was paid in surplus. Thus, it gives much more information useful for policymakers than a linear ordering. However, the authors propose to engage DEA technic to identify a benchmark unit for ESV. In the literature, the use of DEA techniques to measure eco-efficiency in different sectors, as well as for the assessment of the environmental performance of farms and the agricultural sector, is widely known (Gadanakis et al., 2015) . Conversely, there are not so many studies which estimate eco-efficiency at farm level using the DEA approach (Picazo-Tadeo Gómez-Limón and Reig-Martínez, 2011; Gómez-Limón et al., 2012; Picazo-Tadeo et al., 2012; Berre et al., 2015; Gadanakis et al., 2015; Pérez Urdiales, Lansink and Wall, 2016) . The calculation formula for determining the ESV of the farms in regions is as follows:
where: SV i -sustainable value afferent to a farm from region i; r ij , rb ij -resource quantity of type j and region i of the analysed farm, i.e. of the farm considered as reference system; y ij , yb ij -return of resources of the analysed and benchmark farm; i = 1, ..., n -region; j = 1, ..., m -type of analysed resource.
Through its contents, SV indicates the absolute size of the value created in a sustainable manner by the agricultural farms of various countries of the EU. To take into account the size effects and to make comparisons between farms of various countries, we can calculate the indicator Return to cost ratio (RTC i ). This one shows the relative contribution of farms from various countries to the sustainable performance compared to the benchmark:
where: y i -created output; SV i -sustainable value of the average agricultural farm of country i.
The advantage associated with the use of DEA in measuring eco-efficiency or eco-effectiveness for ESV indicator is the identification of a set of optimal weights for inputs (r) determined at farm level which maximize the eco-efficiency or eco-effectiveness score relative to the other farms in the sample. Optimizing formula used to identify benchmark units is orientated as follows, for the eco-efficiency:
and for the eco-effectiveness (due to the constant resources of public goods):
where: OUT -output indicator; INP -input indicator; y ij -output j of a farm i; r ij -value of polluting capital as input indicator; k = 1, ..., n -type of analysed output.
In the eco-efficiency approach as a trade-offs productivity versus environment we use the similar set of variables as described in the previous point: the input indicator will be polluting capitals (crop protection, fertilisers, energy, non-wood area, stocking density) and as an effect indicator -total output, including shares of total output crops and total output livestocks.
Sustainable value of eco-effective farm
In the second ecological approach we have employed environmental public goods as the effect indicator (y), assuming 'institutional' valuation of public goods by CAP subsidies (Czyżewski and Matuszczak, 2016; Czyżewski, Przekota and Poczta-Wajda, 2017; . Hence, we used the same formulas (4)- (6), and the input indicator will be polluting capitals (as above) and as the effect indicator -environmental subsidies. 125 European regions (excluding the Canaries, Cyprus, Malta and Luxembourg -outliers) were analysed in 2015, as the last available year in FADN, since we are treating this as a pilot study.
RESULTS AND DISCUSSION
Based on the analyses carried out, three rankings of EU regions were made, classifying them according to the synthetic measure of environmental burden, ecoefficiency and eco-effectiveness of the agricultural activity conducted in the average farm in EUFADN region.
Only Italian regions and Austrian reoccur in three/ /two 'top 10' rankings (Table 1 ). However it is worth noting that the similarities of agrarian structures in the rankings concerns only 'environmental burden' and 'eco-effectiveness approach. This suggests that 'eco-efficiency' criterion tells us a completely different story. A majority of regions from the top eco-efficiency list (except Italian) doesn't appear among those which exert the lowest pressure on the environment or provide a sufficient value of public goods to compensate for polluting capital used. On the other hand, the low pressure on the environment means sometimes being very eco-inefficient -for instance Comunidad Valenciana (ESP) which is in the 'top 10' of the lowest environmental burden and simultaneously in the 'bottom 10' of the eco-efficiency. Meanwhile, Finnish regions appears as very eco-effective, but exerts however very big pressure on the environment (which is compensated by the public goods provision). The rankings of 'bottom 10' for the eco-efficiency and eco-effectiveness are much more similar then 'top 10s' while dominated by Romanian regions, which seems to be neither efficient in terms of production, nor effective in the provision of the environmental goods requested by CAP.
It was also observed that the most intensive European agriculture (Dutch, Danish, Belgian, French) enjoys the highest degree of environmental sustainability according to the eco-efficiency approach, where the effect is the total output value. A high position in this ranking means that agricultural producers from these regions achieve relatively the best ratio of the above-mentioned total output to the polluting capital input used. To put it differently, the productivity of the polluting capital (fertilisers, plant protection products, energy, etc.) is relatively the highest in the case of farms from this group of EU regions. At the bottom of this ranking, there are also Greek regions close to the Romanian ones, being the least efficient in terms of eco-productivity. Table 1 also shows ESV, expressed in euros, brought in by farms from individual EU regions -for instance, the best French farms (from Provence-Alpes-Côte d'Azur region) or Dutch make as much as accordingly EUR 79,004 and 172,937 of surplus environmental sustainable value considered from the point of view of eco-efficiency. On the other hand, in the case of farms which are the weakest according to this criterion (Comunidad Valenciana), the value remains at a relatively high, negative level (EUR -248,037). It can therefore be assumed that the value reflects the level of inefficiency in the use of the polluting capital input relative to the total output achieved which may be balanced in this approach by the adequate growth in output. At the same time, when using eco-effectiveness approach, the amount can determine the value of environmental public goods which these farms should deliver in order to compensate for the negative effects of their activity.
Yet. the highest environmental sustainability according to the idea of eco-effectiveness, where the result is the amount of environmental subsidies obtained, can be observed in the case of agriculture which can be considered as extensive. This can be found in the Finnish, Swedish, Italian, and Austrian regions. On the opposite side, we find farms from regions which clearly do not participate in CAP's environmental scheme. Farms with a positive, relatively high ESV according to the eco-effectiveness criterion are characterized by lower use of fertilisers (eight times lower), plant protection products (more than twenty times lower), and energy (four times lower). Stock density seems not to be of much significance, yet it should be noted that in the case of these farms, there are five times higher relation of wooden area to utilized agricultural area (UAA). It can be said that the philosophy of the operation of farms achieving a high ESV level according to the eco-effectiveness criterion lies in the lowest possible strain on the natural environment, which clearly does not go hand in hand with the highest production results and which can be observed in the group of farms with the highest ESV according to the eco-efficiency criterion. It is also very likely that eco-effectiveness goes in the line with the low environmental burden measure, except some cases mentioned above. Thus, we should ask the question of which concept of environmental sustainability we are striving for within CAP principles?
CONCLUSIONS
The aim of the article was to compare three different approaches to measuring sustainability of agriculture in terms of the methodology as well as the results of empirical study carried out on the sample of EU regions. The study indicate a fundamental problem: the environmental sustainability of European farms differs depending on the criterion we apply. If we compare the synthetic measure of the environment pressure with I-O approaches we have to concede the superiority to the latter. We shall admit that there are trade-offs in CAP which consist of compensating strain on the natural environment with… and here you are the principal question: with production or public goods? We do not attempt to answer this question now but we hope the article will inspire a broader discussion on this issue. If we assume the eco-efficiency criterion, it is the highest where the adopted polluting input produces relatively the highest effect in the form of the total output. When it comes to the eco-effectiveness criterion, however, there is a different priority -not production, but the share of environmental subsidies, assuming they follow a provision of environmental public goods, which make up for the polluting capital used by farms.
